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A B S T R A C T The effect of sex hormones on bone
tissue was studied in 12 osteoporotic patients. Surfaces
of bone undergoing formation and resorption were de-
termined by quantitative microradiography of iliac
crest biopsy samples before and after treatment with
estrogens in 11 postmenopausal women and with testos-
terone in one gonadally competent man. Before treat-
ment, bone resorption was greater than normal in all
but one patient and bone formation was normal. After
treatment, bone resorption decreased to within the nor-
mal range in all patients, and bone formation did not
change significantly. Biochemical studies showed signifi-
cant decreases in serum calcium, phosphorus, and alka-
line phosphatase levels and in urinary excretion of cal-
cium and hydroxyproline. These changes are believed to
be the consequence of the effect of the hormones on
bone. The data indicate that the major effect of sex
hormones in osteoporosis is an inhibition of bone
resorption.

INTRODUCTION
Albright, Smith, and Richardson in 1941 proposed that
anabolic sex hormones were necessary for bone matrix
synthesis, and that the loss of estrogens at the meno-
pause in women or of androgens with aging in men
caused osteoporosis (1). Since then, sex hormones have
been used extensively in the treatment of osteoporosis,
although their mechanism of action and therapeutic use-
fulness have not been completely established.

Estrogens stimulate intramedullary bone formation
in birds (2), but their effect on mammalian bone is
variable. Experiments have demonstrated increased en-
dosteal formation in mice (3), decreased endosteal re-
sorption in rats (4), and no specific skeletal response in
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kittens or in puppies (5). Also, if a defect in matrix
synthesis is to be postulated, it is difficult to explain why
neither castration nor protein restriction produces os-
teoporosis in experimental animals, although it can
readily be produced by calcium deficiency (6, 7), im-
mobilization (8), or corticosteroid administration (9).

Studies of bone turnover have shown that the major
cause of decreased bone mass in human osteoporosis is
not the decrease in bone formation predicted by Al-
bright et al. (1) but rather an increase in bone destruc-
tion. Quantitative microradiographic studies, by Jowsey
et al. (10), of bone biopsy samples from osteoporotic
patients have shown that bone-forming surfaces gener-
ally are normal, and that bone-resorbing surfaces are
increased by a factor of two to four. Tetracycline-la-
beling studies showed that bone formation rates in ribs of
osteoporotic patients do not differ significantly from those
in normal persons (11). By estimating the rate of re-
sorption in the rib from knowledge of the bone forma-
tion rate and the rib porosity, Wu, Jett, and Frost (12)
found an absolute increase in endosteal resorption rate
(the process accounting for most of the resorption in
the vertebrae), although the intracortical resorption
rate was found to be lower than normal. Studies with
bone-seeking isotopes have shown that skeletal mineral
accretion is normal or is decreased in proportion to the
decreased skeletal mass (13-17).
Some authors have suggested that the association of

osteoporosis with the menopause is largely fortuitous
because autopsy studies have conclusively demonstrated
that maximal bone mass is attained between ages 20
and 40 yr in both sexes, and then there is a progressive
bone atrophy which begins premenopausally in women
and correlates linearly with age (18-20). Clinical and
in vivo densitometric studies have given conflicting re-
sults, some showing (21, 22) and others failing to
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show (23-25) an effect of the menopause independent
of age.
Although treatment with sex hormones produces cal-

cium retention in the majority of osteoporotic patients
studied by metabolic balance methods (26), the failure
of bone to increase in radiodensity even after years of
treatment suggests that the short-term calcium reten-
tion cannot be maintained indefinitely (26). Also, Solo-
mon, Dickerson, and Eisenberg (27) have shown that
the relief of symptoms with estrogens is largely a
placebo effect. However, treatment with sex hormones
has been reported to arrest further height loss in osteo-
porotic patients (26). Also, postmenopausal or castrated
women who had received estrogen replacement therapy
have been shown to have a higher bone density of the
appendicular skeleton when assessed by in vivo densi-
tometric techniques, compared with similar women who
did not receive hormones (28, 29).

Because of the conflicting results obtained in these
previous studies, we examined directly the effect of sex
hormones on bone tissue by using quantitative micro-
radiography of bone biopsy samples. Alterations of cer-
tain biochemical parameters, which occurred as a result
of hormone treatment, were also studied.

METHODS
Patients. Twelve ambulatory patients with progressive os-

teoporosis of sufficient severity to produce vertebral deform-

ity were studied. None of the patients had any evident medical
disease other than osteoporosis. Pertinent clinical features
are given in Table I. Except for two patients (Nos. 8 and
9) who had discontinued therapy 10 months and 4 yr,
respectively, before this study, none had had previous treat-
ment. All patients underwent iliac crest bone biopsy for
microradiographic studies of bone remodeling before and
after administration of a sex steroid. In nine of the patients
(Nos. 1-9), all postmenopausal, additional metabolic studies
were performed before and after 10-16 wk of cyclic admin-
istration of conjugated equine estrogens (Premarin), 2.5
mg/day. Three patients (Nos. 10-12) had bone biopsies but
no metabolic studies; these were two postmenopausal women
who received cyclic therapy with conjugated estrogens in a
dose of 2.5 mg/day for 4 months and 1.25 mg/day for 18
months, respectively, and a 48 yr old gonadally competent
man who received 400 mg of testosterone ethanate (Deletes-
tryl) intramuscularly once a month for 12 months. During the
interval before restudy the patients were maintained on
their usual diet and had no other form of therapy.

Microradiography. Samples of anterior iliac crest bone
from seven patients and of posterior iliac crest bone from
five patients were obtained for quantitative microradiography.
Two sections were studied from each sample. This method
as developed by Jowsey et al. (10) provides a numerical
evaluation of the amounts of resorption and formation
taking place in a piece of bone tissue. Active sites of bone
formation and resorption are identified in a microradiograph
of a calcified bone section. Bone resorption produces an
uneven, crenated surface of high mineral density, which has
been correlated with the presence of osteoclasts. Areas of
bone formation are of low mineral density with a smooth
surface not bounded by a sclerotic line; this appearance has
been correlated with the presence of osteoblasts, with a

TABLE I

Summary of Relevant Clinical Data

No. of
crush

fractures Interval
on spinal since last Duration of
roentgen- acute back Age at Home dietary treatment Site of

Patient Age. sex ograms pain menopause Ca intake before restudy biopsy*

month yr mg/day month
1 60 F 1 2 43 440 3 PIC
2 57 F 1 8 52 1200 3 PIC
3 61 F 1 1 424 1300 3 AIC
4 63 F 4 4 48 695 4 AIC
5 55 F 2 22 41t 440 4 AIC
6 63 F 3 4 50 500 4 AIC
7 67 F 2 6 48t 400 4 AIC
8§ 62 F 2 12 42t 350 3 AIC
911 60 F 7 ¶ 39 850 21 AIC
10 43 F 1 i 39t 900 4 PIC
11 67 F 5 6 54 500 18 PIC
12 48 M 1 ** - 600 12 PIC

* AIC, anterior iliac crest; PIC, posterior iliac crest.
t Surgical menopause.
§ Previous treatment, estrogens for 2 months; stopped 10 monthsbefore this study.
fl Previous treatment, estrogens for 3 yr; stopped 4 yr before this study.
¶ No acute pain; chronic backache for 5 yr.
** No acute pain; chronic backache for 3 yr.
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border of osteoid tissue, and with surface of bone that
accumulates tetracycline. (Tetracycline deposition has been
shown to be associated with the calcification of collagen
[30].) The lengths of surfaces undergoing resorption and
formation are measured on an enlarged photomicrograph and
expressed quantitatively as percentages of total surface in the
section. These values, therefore, refer to the amount of sur-
face involved by the two aspects of bone turnover: bone
resorption and bone formation. The values differ in different
sites within the same skeleton but bear a relatively constant
ratio to each other. To equate surface measurements with
rates of bone formation and resorption it is necessary to
make the reasonable but unproven assumption that the rate
of bone deposition or destruction per unit length of active
surface is relatively constant. By use of tetracycline labeling
it has been shown that the appositional rate of bone forma-
tion is about 1 ,h/day in a group of patients with a variety
of medical diseases (31). The theoretical justification for
the technique has been reviewed (10, 32).

Biochemical studies. The patients were hospitalized in a
metabolic ward and ate a daily diet containing 650 mg of
calcium, 900 mg of phosphorus, and 125 g of lean meat but
no candy or gelatin. For each patient, serum calcium, phos-
phorus, and alkaline phosphatase were determined two to
four times, and the serum proteins were studied by paper
electrophoresis once. The 24-hr urinary excretions of cal-
cium and hydroxyproline were determined on 3 successive
days. On the 4th day, renal clearance studies were performed
at 8 a.m. while the patient was fasting and hydrated.
The serum calcium was determined by semiautomated

complexometric titration (33) (normal, 8.9-10.1 mg/100
ml); phosphorus as inorganic phosphates by the method of
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Frings, Rahman, and Jones (34) (normal, 2.5-4.5 mg/100
ml) ; and serum alkaline phosphatase by the method of Marsh,
Fingerhut, and Kirsch (35) (normal, < 60 U/liter). Urinary
calcium was determined by the method of Yarbro and Golby
(36) and urinary hydroxyproline, by the method of Prockop
and Udenfriend (37). The glomerular filtration rate was
determined by inulin clearance (38), and the tubular reab-
sorption of phosphate (TRP) was determined from the
formula:

% TRP = (1- CPo4/Ci..i1n) X 100.

Serum gonadotropins were determined by radioimmuno-
assay (39, 40), and results were expressed as micrograms of
LER 907 standard per 100 ml of serum (41). Excluding
values on the day of ovulation, for normal premenopausal
women the mean is 17.5 (range, 12.5-95) for follicle-
stimulating hormone (FSH) and 16.4 (range, 8.4-27.7) for
luteinizing hormone (LH).

RESULTS
Microradiography. The data from the osteoporotic

patients were compared with merged data from 23
persons without metabolic disease, matched as to age,
sex, and biopsy site. For this normal group the mean,
1 SD, and range were: bone resorption, 5.27 ±2.43%,
1.34-11.0%; bone formation, 4.30 ±-2.56%, 1.02-8.81%.
For a group of 15 normal premenopausal women, ages
20-45 yr, the values were: bone resorption, 4.91

2 4 6 8 10 12 14 16" 52
Time of treatment in weeks

FIGURE 1 Effect of sex hormone on bone resorption.
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TABLE I I
Effect of Sex Hormones on Some

Bone resorption Bone formation Serum Ca Serum P Alk. phosphatase

Pa- Be- Be- Be- Be- Be-
tient fore After fore After fore After fore After fore After

% % mg/100 ml mg/100 ml U/liter

1 14.3 5.3 3.2 7.1 9.93 8.90 4.10 2.80 60 45
2 14.0 7.7 5.1 3.1 9.30 9.05 3.57 3.25 38
3 12.3 2.7 5.1 3.7 9.85 8.80 3.43 2.90 62 39
4 14.0 6.8 4.4 2.2 9.90 9.30 3.51 2.90 101 34
5 21.0 7.4 6.3 2.2 9.40 9.20 3.35 2.60 65 44
6 15.5 5.3 5.3 5.3 9.70 9.45 3.16 2.70 24 18
7 13.0 6.4 3.6 3.3 10.40 9.50 3.10 3.02 46 29
8 15.0 6.1 5.3 1.8 9.36 9.30 3.43 2.83 38 36
9 16.0 10.3 4.8 7.7 9.60 9.50 3.50 3.10 41 34
10 10.4 5.4 4.2 5.7
11 24.0 7.8 1.1 0.7
12 14.2 9.7 3.9 0.2

Mean 15.3 6.7 4.4 3.6 9.72 9.22 3.46 2.90 52.7 34.9
±SE 41.1 ±0.6 40.4 ±0.7 :4:0.12 40.09 :10.10I 0.07 ±7.5 ±2.8
P <0.001 NS <0.01 <0.005 <0.05

+2.29%, 1.10-8.90%; bone formation, 2.43 ±1.40%,
1.00-6.00%. Since bone remodeling varies somewhat
between the anterior and posterior iliac crest and with
age and sex, the standard deviations and ranges are
wider than those previously reported for unmerged
data.

Before treatment, bone resorption was higher than the
normal range in all but one of the osteoporotic patients.
After treatment for 2k-4 months in 10 patients and
1-1k yr in two patients, the individual bone resorption
values were within the normal range in all 12 patients.
Among the 11 postmenopausal women, the values after

[] Range of
L.J normal values

10

...v 71 1}ftm

treatment were within the premenopausal range in all
but two. The difference in bone resorption between the
pretreatment (mean ±SE, 15.3 ±1.1%) and posttreat-
ment (6.7 ±0.6%) values of the patient group was
highly significant (P < 0.001). There was no demon-
strable relationship between the duration of treatment
and the degree of response.
Bone formation was normal in all patients before

treatment (mean ±SE, 4.4 4-0.4%) and did not change
significantly after treatment (3.6 +0.7%). However,
low values for formation (0.7 and 0.2%) were found
in the two patients treated for more than 1 yr although,
in one of these, formation was initially in the low nor-
mal range. The individual data are shown in Table II
and illustrated in Figs. 1 and 2.

Biochemical studies. In the nine patients under-
going metabolic studies, small but significant decreases
occurred in serum calcium, phosphate, and alkaline
phosphatase levels and in urinary excretion of calcium
and hydroxyproline. Almost all of these changes oc-
curred within the normal ranges. There was no sig-
nificant change in the serum total protein concentration
or in TRP. Before treatment, the serum gonadotropins
were in the high or high normal range. After estrogen
therapy, decreases occurred in all patients, generally to
within the normal range, and only one individual had
less-than-normal gonadotropin levels. The results of the
biochemical studies are shown in Table II.
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FIGURE 2 Effect of sex hormone on bone formation.



Metabolic Parameters in Osteoporosis

Urinary
Urinary Ca hydroxyproline TRP Total serum protein Serum FSH* Serum LH*

Be- Be- Be- Be- Be- Be-
fore After fore After fore After fore After fore After fore After

mg/24 hr mg/24 hr % g/1lo ml
138 45 16.7 9.1 86 88 6.09 7.03 56 38 64 13
71 69 29.1 15.2 83 68 6.24 6.30 - 85 85 55

170 97 31.4 14.8 81 80 5.84 6.82 120 <10 32 15
173 36 29.6 28.1 79 82 6.03 6.20 103 40 20 15
284 173 29.6 28.1 78 79 7.01 6.79 115 49 57 16
123 61 25.7 18.4 76 80 6.18 5.90 60 15 12 9
110 74 23.0 20.5 78 80 6.82 5.77 - 59 58 31
111 79 19.3 18.3 78 72 6.35 6.26 250 48 58 21
122 97 25.3 26.3 87 75 5.71 5.75 100 15 26 8

144.7 81.2 25.5 19.9 80.7 78.3 6.25 6.31
±20.3 ±t13.4 ±1.7 42.2 ±1.3 ±1.9 ±0.15 ±0.17

<0.005 <0.05 NS NS

TRP, tubular reabsorption of phosphate; FSH, follicle-stimulating hormone; LH, luteinizing hormone.
* As micrograms of LER 907 standard per 100 ml.

DISCUSSION

The treatment period of 2J-4 months was believed to be
long enough for estrogen to produce an effect on bone
metabolism. Previous metabolic balance studies have
shown that calcium retention may occur during the 1st
wk of estrogen therapy and may become progressively
more prominent for at least 30 days (42). The time of
treatment was also short enough to ensure that any ef-
fects could be clearly attributed to treatment. Our pa-
tients were randomly selected, and the time interval
since the last acute episode of back pain (and presum-
ably the last vertebral compression) ranged from 2 wk
to 22 months. Since it is highly unlikely that bone
resorption would decrease to within the normal range
spontaneously in all 10 patients in the short-term treat-
ment group, we believe that the observed changes were
the result of estrogen therapy.
Our data show that the major effect of sex hormones

on osteoporosis is an inhibition of bone resorption.
This has been proposed by investigators (43-45) who
failed to observe the increase in the rate of skeletal iso-
tope accretion predicted by traditional theory. Lafferty,
Spencer, and Pearson (44) also noted that sex hor-
mone therapy altered the break in the serum '7Ca spe-
cific activity time curve and thought that this change
quantitatively reflected inhibition of bone resorption.
However, there are reasons for doubting the validity
of this type of analysis (46). It is not clear from our

data whether the inhibition of bone resorption is a di-
rect effect of the hormones on bone or is a consequence
of altered responsiveness of bone to endogenous para-
thyroid hormone, as has been suggested by Heaney (47)
and by Jasani, Nordin, Smith, and Swanson (48).
We found no change in amount of bone surfaces un-

dergoing formation. In studies of osteoporotic patients
receiving androgens or estrogens for less than 3
months, Lafferty et al. (44) found the skeletal "7Ca ac-
cretion to be unchanged. However, Eisenberg (45)
found a 10% reduction in the rate of skeletal accretion
of strontium in osteoporotic patients receiving estro-
gens for 5-6 wk. Because skeletal accretion of bone-
seeking isotopes is the sum of several processes, only
one of which is the mineralization of collagen (49), it
is possible that the reduction in accretion noted by
Eisenberg was nonspecific and was related to an over-
all reduction in mineral turnover. It is also possible
that a reduction in rate of bone formation occurred
which was not reflected in a proportional decrease in
surface lengths. On the other hand, Lafferty et al. (44)
found a reduction of '7Ca accretion in three of four
osteoporotic patients receiving sex hormones for more
than 9 months. This reduced accretion was accompanied
by a diminution of calcium retention as judged by meta-
bolic balance. Similarly, our two patients who had re-
ceived hormones for at least 1 yr before rebiopsy also
had very low values for bone formation. A sustained in-
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hibition of bone resorption with a secondary decrease in
bone formation would provide a basis for the com-
monly held belief that treatment with sex hormones can
arrest but cannot cure osteoporosis. It also would ex-
plain the apparent inability to maintain a positive cal-
cium balance throughout long periods of treatment.

Coincident with the inhibition of bone resorption, sig-
nificant reductions also occurred in the serum calcium,
phosphate, and alkaline phosphatase levels and in the
urinary excretion of calcium and hydroxyproline. Re-
ductions in serum calcium (50, 51), phosphorus (42,
50-52), and alkaline phosphatase (44) have been ob-
served by previous investigators. Reduction in urinary
calcium excretion has been an almost constant occur-
rence in osteoporotic patients when sex hormones have
produced positive calcium balances (42). Young, Jan-
sani, Smith, and Nordin (51) failed to find a significant
decrease in urinary hydroxyproline in osteoporotic pa-
tients treated for 5 days with small doses of estrogens,
but Katz and Kappas (53) found a significant reduction
in 11 of 13 patients with resorptive bone diseases who
were receiving pharmacologic doses of estrogens. It
is noteworthy that Young and Nordin (54) found that
the plasma and urinary calcium and phosphorus and
urinary hydroxyproline values tend to increase in
women after menopause.
We think that all of the observed biochemical effects

can be adequately explained by the direct effect of sex
hormones on bone tissue. Nassim, Saville, and Mulligan
(52) thought that the reduction in serum phosphorus
after estrogen administration was entirely a renal ef-
fect because renal tubular maximum for phosphate de-
creased in all of their five patients treated with stilbes-
trol for 2-3 wk. However, Young et al. (51) found no
change in the phosphorus excretion index in 15 osteo-
porotic patients during 5 days of ethinyl estradiol ad-
ministration, and Gardner et al. (55) found no change
in the tubular reabsorption of phosphorus in cancer pa-
tients receiving pharmacologic doses of androgens. Our
renal phosphate excretion data agree with those of the
latter workers. We also agree with Jasani et al. (48)
that it is unlikely that the major cause of the estrogen-
induced reduction in urinary calcium excretion is in-
creased tubular reabsorption of calcium. This mechanism
would result in an increase in the serum calcium level
but, in fact, a decrease was observed.
The decrease in serum phosphatase level is paradoxic

because this enzyme is usually considered to reflect
only osteoblastic activity. However, total bone turnover
may contribute to the serum alkaline phosphatase ac-
tivity because Kroon (56) found increased skeletal al-
kaline phosphatase activity after the acute administration
of parathyroid extract, at a time when the osteoblasts
had been replaced with fibroblasts and osteoclasts. If

urinary hydroxyproline excretion reflects the breakdown
of skeletal collagen (57), the reduction seen after treat-
ment may be a measure of a decrease in bone resorption.
However, this parameter is nonspecific (57) and may
reflect other effects of estrogen as well, such as a stimu-
lation of synthesis of extraosseous collagen.

Because increased bone resorption appears to be the
major cause of bone loss in osteoporosis, the finding
that a substantial reduction in bone resorption occurs
when approximately physiologic replacement doses (as-
sessed by the effect on serum gonadotropins) of estro-
gens are administered to women with postmenopausal
osteoporosis supports the theory that the menopause
may be a contributing factor in pathogenesis. However,
the favorable short-term response to sex hormones
noted in this study does not necessarily mean that bone
resorption can be inhibited indefinitely by sex hormone
treatment, nor does it exclude the etiologic importance
of other factors known to influence bone resorption.
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